Abstract The use of food additives has increased enormously in modern food technology but they have adverse effects in human healthy. The aim of this study was to investigate the DNA damage of some food additives such as citric acid (CA), benzoic acid (BA), brilliant blue (BB) and sunset yellow (SY) which were investigated in human male germ cells using comet assay. The sperm cells were incubated with different concentrations of these food additives (50, 100, 200 and 500 lg/mL) for 1 h at 32°C. The results showed for CA, BA, BB and SY a dose dependent increase in tail DNA%, tail length and tail moment in human sperm when compared to control group. When control values were compared in the studied parameters in the treatment concentrations, SY was found to exhibit the highest level of DNA damage followed by BB [ BA [ CA. However, none of the food additives affected the tail DNA%, tail length and tail moment at 50 and 100 lg/mL. At 200 lg/mL of SY, the tail DNA% and tail length of sperm were 95.80 ± 0.28 and 42.56 ± 4.66, for BB the values were 95.06 ± 2.30 and 39.56 ± 3.78, whereas for BA the values were 89.05 ± 2.78 and 31.50 ± 0.71, for CA the values were 88.59 ± 6.45 and 13.59 ± 2.74, respectively. However, only the highest concentration of the used food additives significantly affected the studied parameters of sperm DNA. The present results indicate that SY and BB are more harmful than BA and CA to human sperm in vitro.
Introduction
Food additives are used widely for various purposes, including preservation, coloring, and sweetening. They are added to stop or delay nutritional losses due to microbiological, enzymatic or chemical changes of foods and to prolong the shelf life and quality of foods (Zengin et al. 2011) . Recently, food additives have attracted the attention as potential causes of various human diseases; they might be among the factors responsible for the outbreak of cancer, hepatic and nephritic failures, and mutagenic potential (Tanaka 2007; Turkoglu 2007; Demir et al. 2008) . There are many studies that showed the genotoxicity of different food additives in different cell lines (Macioszek and Kononowicz 2004; Sarıkaya and Solak 2003; Yılmaz et al. 2008a; Mpountoukas et al. 2008) .
Citric acid (E-330) (CA) is used as a flavouring agent and preservative in food, especially in biscuit, cake, prepared soup, cheese and cheese products, baby food, chewing gum, fizzy lemonade, margarine, meat, fish, and beverages, in particular, soft drinks (Turkoglu 2007) .
Benzoic acid (E-210) (BB) is commonly used as an antimicrobial substance in many food products, at concentrations ranging between 150 and 1,000 mg/kg, like fruit juice, syrup, pickle, ketchup, margarine, biscuit, waffle, cake and cream to preserve these substances from yeast, mould and bacteria effects (Sarıkaya and Solak 2003) .
Brilliant Blue FCF (BB) has a wide range of applications in industries and consumer products either alone or in combination with other dyes, to produce various shades of blue, green, and violet. It is used to dye textiles, leathers, plastics, papers, printing inks, paints, and household products. In some countries, BB is applied in food products, beverages, cosmetics, and drugs (Lucova et al. 2013) .
Sunset yellow (SY) is a synthetic coloring dye belonging to azo compounds. The dye is isolated as dried sodium salt (Solomon 1996) , and may be added to orange squash, orange jelly, marzipan, swiss roll, apricot jam, citrus marmalade, lemon curd, sweets, hot chocolate mix, packet soups, snack chips, trifle mix, breadcrumbs, cheese sauce mix and soft drinks (Sayed et al. 2012) .
Living organisms have a genome that is subject to the constant action of exogenous or endogenous agents that can affect the chemical integrity of DNA by altering the information contained therein. Different changes are responsible for genomic instability, and these changes play an important role in carcinogenesis (Jefford and Irminger-Finger 2006; Pereira et al. 2012) .
Genetic Toxicology is an area which covers mainly the study of mutagenicity, carcinogenicity and teratogenicity. In this area there are several tests for biomonitoring, genotoxicity and mutagenesis and one such test used to evaluate mutagenic potential is the comet assay. This test constitutes a simple, rapid, sensitive and inexpensive assay for detecting DNA damage (Tice et al. 2000) . The comet assay is used to detect mutations. Furthermore, it verifies genomic lesions that, after processing, can result in mutation. Unlike mutations, lesions detected by comet assay are subject to correction. The technique entails the immersion of viable cells in agarose, lysing the cell membrane by detergents and alkaline salts, and subsequent electrophoresis. With electrophoresis under alkaline conditions, cells with damaged DNA have a higher rate of migration toward the anode due to single strand breaks or alkali labile sites, double simulating the appearance of a comet (head and tail) (Pereira et al. 2012; Pavão et al. 2007) .
Presently, no validated in vitro methods exist for the assessment of male reproductive toxicity (Bremer et al. 2005 ) and the introduction of a battery of alternative tests to be integrated to provide detailed information on the hazard of compounds to the mammalian reproductive cycle is urgently needed (Villani et al. 2010) . For CA, BA, BB and SY food additives, application of the comet assay was assessed whether the used concentrations of food additives would be likely to induce DNA damage after exposure time in male germ cells. Moreover, there are currently no data available in the literature related to research on the DNA damage of food additives on this cell. In this context, the aim of the present work was to verify the possible induction of DNA damage in human sperm using the comet test.
Materials and methods

Chemicals
Benzoic acid (BA) was obtained from Sigma (St. Louis, MO, USA), and citric acid (CA) was obtained from Merck (Darmstadt, Germany). BB, SY and RPMI 1640 were bought from Sigma-Aldrich (Seelze, Germany). Proteinase K was obtained from Roche Diagnostics (Mannheim, Germany). All other reagents and chemicals used were of analytical grade.
Preparation of sperm samples
Semen samples were obtained from six 30-year-old healthy males according to WHO criteria (WHO 2000) (sperm number: 64 9 10 6 per mL; motility: 72 %; sperm morphology: abnormal forms: 25 %).
10 lL sperm were treated for 1 h at 32°C with the different concentrations of some food additives (50, 100, 200 and 500 lg/mL) and were resuspended in RPMI-1640 for analysis (Anderson et al. 1994 (Anderson et al. , 2003 . After the incubation, sperm were centrifuged with RPMI 1640 at 1,348 g for 5 min, and then the supernatant was removed and resuspended in PBS.
Treated and non-treated cells were suspended in low melting point agarose (0.65 %), and 75 lL of suspension was quickly layered over slides which were precoated with normal melting point agarose (0.65 %), immediately covered with a cover slip and the slides were placed at ?4°C for 10-15 min. After solidification, the coverslip was gently removed and immersed in cold lysing solution (2.5 M NaCl, 100 mM EDTA, 10 mM Tris, pH 10, in which 10 % DMSO, 1 % Triton X-100, and 0.05 mg/mL proteinase K were added) at 4°C for 1 h. The slides were removed and placed on a horizontal gel electrophoresis platform covered with electrophoresis buffer (300 mM NaOH, 1 mM EDTA pH 13). Then, they were left in the solution for 20 min to allow the unwinding of the DNA (Ozkan et al. 2009 ). Electrophoresis was run at 25 V for 20 min at 4°C. All procedural steps were performed under yellow light conditions to minimize additional DNA damage. The slides were then placed vertically in a neutralizing tank and gently washed three times for 5 min with neutralizing buffer (0.4 M Tris-HCl buffer, pH 7.5). Ethidium bromide (10 mg in 50 mL of distilled water) was dispensed directly onto slides and covered with a cover slip.
Assesment of sperm DNA damage by image analysis
All measurement data were analyzed using BS 200 ProP with software image analysis (BS 200 ProP, BAB Imaging System, Ankara, Turkey). The DNA comets were evaluated by measuring the tail DNA%, tail length and tail moment of 50 comets. All experiments were performed at least three times, each with two parallel slides per data point. A higher percentage tail DNA% and tail lenght indicated a higher level of DNA damage (Behravan et al. 2011) .
Statistics
Differences between groups were evaluated by oneway analysis of variance (ANOVA) followed by the Tukey test. Values were expressed as mean ± standard error of the mean (SEM). Statistical significance was accepted at the p \ 0.05 level.
Results
DNA damaging effects of food additives on sperm cells are shown in Table 1 CA, BA, BB and SY at 0, 50 and 100 lg/mL did not reveal any statistically significant increases in tail DNA%, tail length and tail moment (Figs. 5-7 ). BA and CA at 500 lg/mL were found to produce significant increases in tail DNA%, tail length and tail moment when incubated with sperm cells (p \ 0.05). In addition, significant increases were found at concentrations of SY and BB at 200 and 500 lg/mL suggesting their DNA damaging effects (p \ 0.05).
Treatment with 200 lg/mL of CA, BA, BB and SY showed a maximum increase of 69.91 ± 1.51, 76.14 ± 7.40, 90.03 ± 2.86 and 95.80 ± 0.28 in tail DNA%, respectively. An amount of 200 lg/mL of BA and SY showed a statistically significant increase (p \ 0.05) when compared with control, or the addition of CA and BA.
The highest value of 96.56 ± 2.01 for tail DNA% was exhibited by sperm treated with 500 lg/mL of SY whereas treatment with BB, BA and CA at the same concentrations showed a maximum increase of 95.06 ± 2.30, 89.05 ± 2.78 and 88.59 ± 6.45, respectively.
Discussion
To evaluate the genotoxic effects induced by physical and chemical agents, various test systems have been described in bacteria, in mammalian cells, and in plants (Macioszek and Kononowicz 2004; Yılmaz et al. 2008a; Prival et al. 1991; Arslan et al. 2008; Mamur et al. 2010) . Chromosomal aberrations (CAs), sisterchromatid exchanges (SCEs), and micronuclei (MN) tests and comet assay are widely used in cultured human peripheral lymphocytes (Macioszek and Kononowicz 2004; Mamur et al. 2010; Rencuzogullari et al. 2001; Yuzbasioglu et al. 2006; Yılmaz et al. 2008b) . Comet assay may be used for laboratory investigations as a method to detect the impact of potential germ cell mutagens directly on sperm DNA in vitro.
More chemicals eliciting different mechanisms of DNA damage and response should be tested to define the applicability domain of the test. In addition, for some of the compounds, primary DNA lesions induced under the specific experimental test conditions should be qualitatively and quantitatively characterized. One area of research that has been studied as a cause of male infertility is the integrity of sperm DNA which is affected by exogenous and endogenous factors. Indeed, it has been estimated that 10,000 oxidation hits occur to the DNA of each cell per day within the human body and more than 35 different forms of oxidized bases are found in DNA in vitro (Ames et al. 1993; Halliwell 2000; Babazadeh et al. 2010) . Genotoxicity data of the used food additives on human sperm cell in vitro studied outside their normal biological context are very rare. Thus, in this study the DNA damage of CA, BA, BB, SY used as food additives in human sperm was examined by using the comet assays.
The use of food additives in various products is increasing (Sayed et al. 2012) . Natural or synthetic food additives have been used as coloring, curing, and/ or sweetening agents in many food stuffs (Sayed et al. 2012) . Although epidemiological studies of food additives are important for the assessment of toxicological risk to humans, they are difficult because exposure cannot be accurately assessed. Thus, risk assessment largely depends on laboratory toxicity studies (Sasaki et al. 2002; Yılmaz et al. 2009 ). There are no data about toxicity of food additives on human male germ cells. Therefore, sperm cells were treated with concentrations of food additives of 50, 100, 200 and 500 lg/mL (the amount used in foods) in this study.
Several studies suggested that certain types of azo dyes, including SY, exhibit mutagenic effects (Surjyo and Anisur 2005; King- Thom et al. 2006; Tsuboy et al. 2007; Oliveira et al. 2010) . The toxicity and carcinogenicity of SY in mammalian system may result either via interactions of intact molecules with cytosolic receptors (Lubet et al. 1983; Collier et al. 1993; Seesuriyachan et al. 2007) or via the formation of free radicals and arylamines azoreduction (Nony et al. 1980; Pearce et al. 2003) . Sayed et al. (2012) reported on genotoxic effects induced by a synthetic food particularly those with a pre-existing sensitivity to aspirin, but no mutagenic effect was reported (Health Canada, Food Additive Dictionary 2007) . In the present study, the genotoxicity of SY observed was comparatively higher than that of other additives. When the damage was evaluated in terms of the percentage tail DNA, the highest value of 96.56 ± 2.01 was exhibited by sperm treated with 500 lg/mL of SY. Mahmoud (2006) has evaluated the toxic effects of the synthetic dye BB in rats. The used concentration of the synthetic dye BB was mostly attributable to hepatocellular damage, renal failure and decrease in spermatogenesis process. BB showed no evidence of mutagenicity when tested in Salmonella typhimurium strains TA98, TA100, TA1535, TA1537 and TA1538 with or without metabolic activation. BB has been tested in vivo in a mouse micronucleus assay and comet assays. In all cases, no micronucleus induction or DNA damage were observed. Based on these data, BB is not of concern with respect to genotoxicity (EFSA-Panel 2010) . In case of sperm, the data obtained in terms of tail DNA% at the evaluated doses of BB of 200 and 500 lg/mL revealed statistically significant results in this study.
BA is commonly used as an antimicrobial substance in many food products. Sarıkaya and Solak (2003) have reported that BA significantly decreases the life period and increases somatic mutation and recombination (SMART) in Drosophila melanogaster. Yılmaz et al. (2008a) have reported that BA significantly increased CAs and decreased the mitotic index in the Allium sativum root tips. In another study, Yılmaz et al. (2009) reported that BA significantly increased CAs, SCEs, and micronucleus frequency in human lymphocytes. They indicated that BA was a weak genotoxic agent, especially at lower concentrations, in human lymphocyte cultures. In this study, the results showed that BA had a DNA-damaging effect especially at the highest concentration in human male germ cells but similar effects were not obtained at concentrations of 50, 100, and 200 lg/mL of BA.
In several in vitro and in vivo tests CA was not mutagenic (HERA 2005) . Navarro-Escobar et al. (2010) observed that CA solution was cytotoxic at a concentration of 15 %. Murine fibroblast cells were exposed to CA at increasing concentrations for 3 h at 37°C. The results showed that exposure to 2.5 and 5 % NaOCl and 8.5 % CA resulted in a significant cytotoxic effect (Marins et al. 2012 ) but it did not induce genetic damage in vitro. In other study, CA posses clastogenic and cytotoxic activity in cultured human lymphocytes, especially at high concentration. CA decreased the replication index, especially at the highest concentration compared with control however, this decrease was not significant. In this study, sperm treated with 50, 100, and 200 lg/mL of CA also exhibited low percentage tail DNA and tail length. However, the DNA damage to sperm was not significantly altered in the low concentration groups after treatment with the compounds, but only the highest concentration of CA caused DNA damage in sperm cells. The modern technological advancement in food industry has resulted in the use of a variety of food additives alone or in combination (Kiple and Ornelas 2000) . The comet assay can be usefully applied in risk assessment of human germ cell mutagens. The present study clearly demonstrates a statistically significant increase in the DNA damage induced by various food additives. According to our study results have implications for man in terms of risk assessment and such damaging effects to germ cells need more detailed studies in view of the use of food additives.
